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Abstract: The optimized molecular geometry, lowest 

unoccupied molecular orbital energy (LUMO) Mulliken 

atomic charges, polarizability, highest occupied molecular 

orbital energy(HOMO),first  hyper polarizability of 

3-methoxybenzonitrile were predicted with the aid of 

density functional theory (DFT) calculations with B3LYP 

using 6-311++G(d,p), cc-pvdz and Aug-cc-pvdz basis set. 

Calculated HOMO-LUMO energy gap and first hyper 

polarizability confirm a nonlinear optical property of a 

material. DFT was studied the Natural bond orbital 

analysis, electrostatic potential and several thermo 

dynamical parameters. 

 

Index Terms: 3-methoxybenzonitrile, Density Functional 

Theory(DFT), HOMOLUMO, electrostatic potential. 

 

I. INTRODUCTION 

Benzonitrile is an aromatic organic compound. 

Benzonitrilederivatives find application in industries and 

medical field [1, 24]. Benzonitrile compounds are used as 

preservatives for a food product. In industry, they are used for 

preparing the dye named aniline blue. In a medical field, 

many benzonitrile derivatives in solid form are used as a 

urinary antiseptic and vapor form are used for protecting 

bronchial tubes [2]. Since benzonitrile derivatives have wide 

applications, many studies have been presented on such 

compounds. 

A. Prakasam have reported the molecular structure of 

4-methoxybenzonitrile [3]. Murugan  reported the 

vibrational frequencies and molecular structure of 

2-fluoro-6- methoxybenzonitrile [4]. 

N.Sundaraganesan et. al investigated a structural  

and vibrational modes of 2-fluoro-5-  methylbenzonitrile [5]. 

First hyperpolarizability and the HOMO-LUMO energy are 

the most important tools that confirm the NLO activity of a 

compound. 
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II. MATERIALS AND METHODS 

Entire calculations were performed using Gaussian 09 

program package with the aid of DFT with B3LYP using 

6-311++G(d,p), cc-pvdz and Aug-cc-pvdz basis set and the 

results were viewed using GAUSS VIEW program [6]. 

Time-dependent DFT found HOMO - LUMO energy. NBO 

analysis was done to explain the interactions between filled 

and vacant orbitals.  The electrostatic potential plot was 

drawn by MOLKEL. Also, polarizability, 

hyperpolarizability, and some thermodynamic properties 

were studied using the same basis sets. 

III. RESULTS AND DISCUSSION  

 

A.  Geometric Structure 

The optimized geometric structure of 3-methoxy 

benzonitrile is illustrated in Fig.1. The optimized parameters 

are calculated using B3LYP 6-311++G(d,p), cc-pvdz and 

Aug-cc-pvdz basis sets. The calculated geometrical 

parameters like bond length, bond angle and dihedral angle 

are listed in Table 1. These parameters are utilized to 

elucidate other properties of the material under study. 

 

B. NBO analysis 

 

 NBO analysis is an important tool for knowing the 

intra and intermolecular bonding and the interaction 

between bonds and it acts as a basic factor for studying the 

transfer of charge in the molecular system [7]. NBO study 

was done on the title molecule by B3LTYP/6-311++G(d,p) 

level to confirm an intramolecular interaction in a molecule. 

The electron donors and acceptors interaction are more 

intensive for larger values of E (2). The system is stable 

because of the transfer of intramolecular charges that 

happens by the intramolecular interaction which is caused by 

the overlap of orbitals between bonding π(C5 - C6 ),π (C7 - 

C8) and antibonding π*(C7 - C8),π*( C3 - C4) orbitals. The 

NBO analysis of 3-methoxybenzonitrile is presented in Table 

(2). 

 

Quantum Chemical Calculations of 

3-Methoxybenzonitrile for NLO Applications 
 

N.Y.Sugirtha Suni, R.Ganapathi Raman 



 

Quantum Chemical Calculations of 3-methoxybenzonitrile for NLO Applications 

 

402 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: A00710681S519/19©BEIESP 

 

 

 

FIG.1.OPTIMIZED GEOMETRICAL STRUCTURE OF 

3-METHOXYBENZONITRILE 

 

C. Mulliken atomic charges 

 

Mulliken atomic charge analysis plays a vital part in 

applying the quantum chemical studies on molecular systems 

since atomic charge changes the dipole moment, molecular 

polarizability and electronic structure of molecular system 

[8]. Mulliken charges calculated using B3LYP 

6-311++G(d,p), cc-pvdsz and Aug-cc-pvdz are listed in 

Table 3. Mulliken atomic charges graph is illustrated in 

Fig.2. Table 3 reveals that there is change in charge with 

basis set, which is due to polarization [9]. All the hydrogen 

atoms exhibit positive charge, the nitrogen , oxygen atom 

exhibit negative charge in the basis set B3LYP 

6-311++G(d,p). This suggests the occurrence of 

intermolecular interaction in the molecule in solid forms 

[10]. From the charge calculation it is clear that the nitrogen 

atom is having negative charge acts as the donor atom and 

the ring hydrogen atom having positive charge acts as the 

acceptor atom. 

 

 

D. Polarizability and Hyperpolarizability 

 

The behavior of a system under an enforced electric field can 

be studied by itsPolarizability and hyperpolarizability. The 

NLO property of a compound can be studied using these 

parameters. The first hyperpolarizability calculated for the 

compound under study is 2.291x10-30esu which is 7.65 

times than urea (0.2991x10-30esu) a standard nonlinear 

material [11]. Calculated dipole moment, polarizability and 

hyperpolarizability are given in Table 4. 

 

FIG.2.A PLOT OF MULLIKEN ATOMIC CHARGES OF 

3-METHOXYBENZONITRILE 

 

 

 

FIG.3.HOMO LUMO PLOT OF 3-METHOXYBENZONITRILE 

 

HOMO stands for highest occupied molecular orbital which 

means the ability to give an electron and LUMO stands for 

lowest unoccupied molecular orbital which means the 

capability to take an electron.HOMO and LUMO are the 

main orbitals taking place in the chemical stability of the 

molecule [12]. The estimated energy gap using B3LYP 

6-311++G(d,p) is 5.21eV.The energy gap explains that the 

title compound is experiencing charge transfer interactions 

and it reflects its NLO property [13]. The HOMO LUMO plot 

is illustrated in fig.3 

 

 

E. Thermodynamic parameters 

 

  Thermodynamic parameters like entropy, enthalpy, distinct 

heat capacity at a consistent volume, rotational constants and 

thermal energy are calculated using B3LYP 6-311++G (d,p), 

cc-pvdz and Aug-cc-pvdz basis set and are listed in Table.5. 

Scaling factors are recommended [14] for calculating the 

zero-point vibrational energy and entropy accurately. The 

changes in entropy and total energy at room temperature are 

given in Table.5. These changes seem to be insignificant. 

 

F. Electrostatic potential 

 

Electrostatic potential is a useful tool to find the electrophilic 

(negative regions) and nucleophilic sites (positive regions) 

[15, 16].A plot of electrostatic potential is shown in Fig.4. An 

electrostatic potential plot is a tool that predicts and analyses 

the intra and intermolecular Fig.4.The electrostatic potential 

plot of 3-methoxybenzonitrile 

Interactions [17]. It visualizes the relative polarity of the 

molecule. The various potential values are represented in 

various colors.The most 

negative potential region is 

represented by red colour; the 
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most positive potential region is represented by blue colour 

and the zero potential region is represented by green colour. 

The order of increase in potential is red - orange - yellow - 

green - blue [18]. 

 

 

FIG.4.ELECTROSTATIC POTENTIAL PLOT OF 

3-METHOXYBENZONITRILE 

 

Figure 4 shows the electrostatic potential plot of 

3-methoxybenzonitrileInteractions [17]. It visualizes the 

relative polarity of the molecule. The various potential values 

are represented in various colors. The most negative 

potential region is represented by red colour; the most 

positive potential region is represented by blue colour and the 

zero potential region is represented by green colour. The 

order of increase in potential is red - orange - yellow - green 

- blue [18-23]. 

Table.1. Geometrical Parameters Of 3-Methoxybenzonitrile 

  

G. Non linear optical activity 

 

For investigating the NLO activity of the material 

the first hyperpolarizability of the title compound was 

determined and compared 

with urea, a standard 

nonlinear material [25,26]. It 
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was found that the first hyperpolarizability of the title 

compound is 7.65times than urea. Based on calculations we 

propose that the title compound is an efficient material for 

NLO applications. 

Table.2. NLOAnalysis Of 3-Methoxybenzonitrile 

 

Table.3.Mullikenpopulationanalysis of 

3methoxybenzonitrile 

 

 

 

Table.4.Electric Dipole Moment, Polari ability and 

Hyperpolarizability Of 3-Methoxybenzonitrile. 

 

 

 

 

 

 

 

 

 

 

 

 



International Journal of Recent Technology and Engineering (IJRTE) 
ISSN: 2277-3878, Volume-8, Issue-1S5, June 2019 

 

405 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: A00710681S519/19©BEIESP 

 

Table .5. Thermodynamic parameters of 

3-methoxybenzonitrile 

 

 

 

IV. CONCLUSION 

 

An accurate examination of structural, electronic and 

some thermodynamic property of the title compound were 

accomplished by DFT utilizing relevant premise sets. The 

first hyperpolarizability and HOMO LUMO energy gap 

determined by utilizing the various premise set confirmed the 

NLO property of the compound. The first hyperpolarizability 

of the title compound is 7.65times than urea. NBO analysis 

forms the basis for knowing the inter and intramolecular 

interactions in the system under study. The stabilization 

energy was determined from the second-order perturbation 

theory. Mulliken population analysis suggests that charge 

transfer is taking place from N, O to H. 
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